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Abstract 
Currently, the generation of modern solid waste has caused large environmental impact. Because of the high added-
value components, the carton packaging highlights among the wastes generated in large urban areas. The manufacture 
of tiles (or plates) and the pyrolysis are the main routes for the recycling of these wastes. In literature, the conical 
spouted bed has been pointed out as a promising air-solid contact system for processing the pyrolysis. Thus, this 
research aims to analyze the air-carton packaging waste flow dynamics in a conical spouted bed. The flow behavior 
of air-waste was experimentally investigated by analyzing data of bed pressure drop, air velocity and fountain height. 
Moreover, the simulation of operating conditions in the conical spouted bed was conducted using the computational 
fluid dynamics (CFD). It was found that particles of carton packaging in a shaped of disks do not achieve the 
spouting regime. However, for beds with mixtures composed of polyethylene and carton disks(5 and 10% carton 
weight), the spouting regimes wereattained.Furthermore, the simulations in ANSYS FLUENT software using the 
Eulerian Granular Multiphase model showed good agreement with experimental data. 
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1. Introduction 
Originally conceived in 1954 as an alternative to fluidized bed for the drying of grains of wheat, the 
spouted bed has been employed in various unit operations beyond the drying [1-2], such as in coating and 
granulation of particulates [3-4] and pneumatic transport [5]. Recently, the conical spouted bed (CSB) has 
been applied successfully as a chemical reactor in processes involving systems with eithermonosized 
particles or particle size distribution. Among these processes, the coal gasification [8], catalytic 
polymerization [9] and pyrolysis [10-11]can be cited. 
Concerning the waste recovering, the pyrolysis technique in conical spouted bed has played a 
promising role in the utilization of biomass and solid wastefor a small scale production.In this context, 
many efforts have been concentrating to show the application of the conical spouted bed in the pyrolysis 
of materials such as sawdust [12], plastics [13] and tires [14]. 
In relation to the post-consumer carton packaging waste, i.e., a modern waste commonly seen in large 
urban areas, recovering was found to be the most feasible alternative for carrying out packaging Industry 
to reach the required environmental achievements.In addition, due to the value-added carton components, 
their reuse represents a highly profitable activity.  
Because of post-consumer carton packaging waste characteristics,i.e., the multilayered 
structure,composed of different materials (paper, paper, polyethylene and aluminum),makes difficult 
wastes degradation in nature.Consequently, this becomes post-consumer carton packaging wastea 
potential polluter agentto the environment.  
As reported in the literature, pyrolysis of carton packaging is an innovative and clean technology 
permitting that not only aluminum and polyethylene can be separated between each other but also coal 
high heating value andlow ash content can be produced [15-16-17].  
In general, with respect to the simulation of air-particle flow in spouted beds, many efforts have been 
concentrated,but only few have done using CFD techniquefor describingconical spouted beds fluid 
dynamics [3-6-7].This tool can significantly contribute to the applications of CSBsfor different types of 
processes.The CFD technique usage, supported by experimental results, has aided practitioners to 
understand phenomena involved and operate the equipment efficiently. 
Thus, in order to contribute to the CSB application as a pyrolysis reactor, this paper aims to conduct a 
theoretical and experimental investigation onair-waste fluid dynamics in a conical spouted bed.This 
research is focus on the following steps: 1) to obtain experimental data of bed pressure drop as a function 
of air velocity in the bed and analyze the minimum spouting operation conditions achieved; 2) to simulate 
the operating conditions of conical spouted bed using CDF technique and state comparisons to those 
obtained experimentally. 
 
 
Nomenclature 
 
CD         Carton Disks 
EGMMEulerian Granular Multiphase Model 
PE          Polyethylene 
DpDiameter 
HfFountain Height 
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ρp              Density 
∆Pmax     Maximum pressure drop  
∆Pmj        Minimum spouting pressure drop 
∆Vmj       Minimum spouting velocity 
 
2. Material and Methods 
2.1. Materials 
Cartons packaging with diskshape(ρp=955 kg/m3, Dp=6,685 mm), low density polyethylene 
pellets(ρp=886 kg/m3, Dp=3,962 mm) with elliptical shape andtwo mixtures of polyethylene with carton 
disks, in mass carton proportion of 5 to 10%are used in the conical spouted bed. 
Figure 1 shows carton disks (CD) prepared using a paper punch.The Pellets of low-density 
polyethylene (PE), pure components used in the manufacture of packaging, are  provided by Tetra Pak. 
For polyethylene and carton waste,the particle density (ρp) and average diameter (Dp)are determined 
by liquid pycnometryand sieving technique, respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Photography ofcarton packaging disks used in the conical spouted bed. 
 
2. 2. Description of experimental unit 
 
The Fluid dynamics tests are carried out in aconical spouted bed.Figure 2 shows a schematic view of the 
experimental apparatus used.This consists of a conical steal column with 45º cone angle, cylindrical glass 
column, pressure transducer, Dwyer brand, model 616C-4, operating in a range of 0-20 IN WClocated at 
air inletpipe, i.e., 15cmbelow theconical baseof the bed), air heating system with PID temperature control 
and2.0 Hpcentrifugal blower by IBRAM with 4.5 m3/min  air flow rate. 
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Fig. 2. Schematic view ofexperimental apparatus.1-conicalspoutedbed, 2-pressure transducer, 3-airheating systemwith PID 
temperature control, 4-blower. 
2.2. Experimental procedure 
First, the bed is filled with 1.055 kg of particles, corresponding to 18cmbed height of conical column. 
Then, air is injected into the bed until the minimum spouting regime is reached. After, the air velocity is 
increased for a value 30% higher than the minimum spouting velocity and, thereafter, is reduced to 
zero.The air temperature in the inlet of the bed was maintained at about 30 ° C. 
To examine the reproducibility, data are obtained in replicates, maintaining the same condition of 
particle bed packing. This condition is achieved by keeping the bed in a condition of minimum spouting 
for 5 minutes. Thereafter, the air velocity is slowlyreduced to zero. 
 
For each system investigated (pure polyethylene particles and mixtures), fountain height (Hf) was 
measured using a millimetered paper facing the column. 
2.3. Numerical Methodology 
The meshes have direct influence on the quality of simulation results.Thus, in this present researchare  
used structured meshes with cell size 5% greater than the diameter of the larger particle.Thisarebuilt using 
the two-dimensional geometrical domain with axial symmetry. The software ANSYS ICEM areusedfor 
developing  the meshes.The simulations of the experimental conditions carried out in this 
researchareobtained using  ANSYS FLUENT software.The Eulerian Granular Multiphase Model 
(EGMM) with the Gidaspow drag model [20] is chosen. .As described by Duarte et al. [21] and Béttega 
[6],such a model is suitable to simulate  air-particle fluid dynamics in conical-cylindrical spouted beds. 
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Table 1 summarizes the relationship of the main parameters used in the simulations. 
 
 
Table 1. Specification of the main simulation parameters 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Results 
3.1. Experimental 
Figure 3 shows conical bed photographs operating with carton disks andparticle mixtures (95% 
polyethylene and 5% carton disks). It can be observed in Figure 3a that carton disk  particles  do not 
achieve the spouting regime. Therefore, after the bed rupture, there is the formation of a preferred channel 
for air passage through the carton disk assemble and they remain adhered to each other in the annular 
region, as shown in Figure 3a.Nonetheless, for the mixtures (polyethylene and carton disks in a 
Parameter Model Parameter Value 
Solver Type Pressure-based Number of phases 2 (air and polyethylene) 
Computational 
domain 2D with axial symmetry Staticbedheight(cm) 18 
Multiphase  model Eulerian Operation pressure (Pa) 101325 
Turbulence model K-epsilon, Standart Wall Function, Mixture Acceleration of gravity (m/s
2) 9.81 
Drag model Gidaspow Inlet air velocity (m/s) 5,10,15,20,25,30 
Granular Viscosity Gidaspow Outlet pressure (Pa) 
0 
(relative to operational 
pressure) 
Granular  "Bulk" 
Viscosity lunet al − − 
Inlet type Velocity inlet − − 
Outlet type Pressure outlet − − 
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massproportion range of 5 to 10% carton disks), the stable spouted regime is observed. Figure 3b shows 
the photograph of the stable spouted regime for a mixture of 5%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Spouted regime observed in the experiment.(a) Polyethylene Pure, (b) Mixture 5% PE + CD. 
 
 
Figure 4 presents the data of pressure drop as a function of the air velocity for polyethylene particles 
and polyethylene and carton disk mixtures.Comparing the data in Figure 4 with those reported by the 
literature [3], it can be noted that packed bed and stable spoutingregimes can be achieved.As well, it is 
observed that the standard deviations of minimum pressure drop is in the same magnitude order of those 
of the pressure sensor used. These finding results are physically consistent to those reported by Literature 
[18-19]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 
 
 
 
(a) 
 
(b) 
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(c) 
 
 
Fig. 4. Pressure drop in the spouted bed as a function of air velocity. (a) Polyethylene Pure, (b) Mixture 5% PE + CD, (c) Mixture 
10% PE + CD. 
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Analysis of Figure 4 shows that usage of mixture (carton disk and polyethylene), ranging from 5 to 
10% in mass of carton, does not change significantly the fluid dynamics as compared with those of 
conical spouted bed using polyethylene.Under set of operating conditions, this finding suggests that the 
simulation of particle mixtures of polyethylene and carton diskscan be obtained considering polyethylene 
as granular phase in EGMM, alone. 
3.2. Simulation 
For polyethylene, Figure 5 presents the simulated-bed porosityprofiles with the increase in the air 
velocity (v) into the bed.Qualitatively, these finding results are in agreement with those reported in the 
literature [3-6].Moreover, the analysisof evolution of porosity distribution in the bed as a function of air 
velocityindicates  thatthe minimum spouting regime probably occursat 20 m/s. Such results can be proved 
by the sudden increases of simulated bed pressure drop achieved when the air velocity is reduced from the 
value of 20m/s.  
Tables 2 and 3 show the simulated and experimental datafor the following variables: minimum 
spouting velocity, minimum spouting (∆Pmj) and maximum pressure drop (∆Pmax), and fountain height 
(Hf). 
 
Table2. Experimental and simulated data of minimum spouting velocity,minimum spouting (∆Pmj) and maximum pressure drop 
(∆Pmax). 
 
Particle 
  Experimental data Simulated data 
Vmj (m/s) ∆Pmj  (Pa) ∆Pmax (Pa) Vmj(m/s) ∆Pmj (Pa) ∆Pmax(Pa) 
PE 24.42 ± 0.28 541.82 ± 4.90 919.62 ± 38.34 
20 475 900 PE + CD 5% 24.97 ± 0.14 536.91 ± 10.40 969.88 ± 22.19 
PE + CD 10% 24.97 ± 0.41 505.53 ± 7.63 938.99 ± 49.23 
 
 
Table 3. Experimental and simulated fountain height (Hf) as a function of air velocity 
 
Velocity (m/s) 
Fountain height (m) 
Experimental Simulated 
PE PE + CD 5% PE + CD 10% PE 
28 0.38 ± 10 0.40 ± 10 0.40 ± 10 0.29 
26.5 0.32 ± 5 0.32 ± 5 0.33 ± 5 0.28 
25 0.27 ± 5 0.28 ± 5 0.28 ± 5 0.27 
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Fig. 5. Profiles ofvolume fractionof polyethylene, parameterized inair velocity of5, 10, 15, 20, 25 e 30 m/s. 
 
The analysis of data in Table 2 and 3 show that standard deviation of measured variables are in the 
same magnitude order than simulated values.This fact suggests that the model parameters used (see table 
1) for describing fluid dynamics behavior of conical spouted bed composed of polyethylene are also 
suitable to represent the flow air-mixture (polyethylene and carton disks in a range of mass proportion of  
5 and 10% incarton mass). 
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4. Conclusions 
Based on the analyses established in this research, the following conclusions can be drawn: 
-carton disks beds do not attain the spouting regime; however, beds composed of mixtures 
(polyethylene and carton disks in a range of mass proportion of 5 and 10% incarton mass), stable spouting 
regime is achieved. 
- forallbeds used,experimental measuresof bed pressure drop as a function of air velocity have similar 
behavior. 
- the addition of low carton disksconcentrations (5 and 10% by mass) does not cause a significant 
effect on the minimum spouting conditions, characterized by the following variables: Vmj, ∆PandHf; 
- at the set of operating conditions, the Eulerian Granular Multiphase Model is suitable for the 
simulation of conical spouted beds either composed of polyethylene ormixtures of carton disks and 
polyethylene. 
References 
[1] MathurKB, Gishler PE. A technique for contacting gases with coarse solid particles.AIChEJ 1955;1(2):157–164. 
[2] Ciro-Velásquez HJ, Cunha RL, Menegalli FC. Drying of xanthan gum using Two-Dimensional Spouted Fluidized Bed 
(2DSFB ) with Inert Particles: Performance and Rheological Considerations. Drying Technology 2010; 28(3):389–401. 
[3] Duarte CR. Experimental study and simulation of fluid dynamics and coating in spouted bed.Thesis (PhD), Universidade 
Federal de Uberlândia, 2006. (in portuguese) 
[4] Borini GB, Andrade TC, Freitas LAP. Hot melt granulation of coarse pharmaceutical powders in a spouted bed.  Powder 
Technology 2009;189:520–527. 
[5] Ferreira MC, FreireJT. Fluid-dynamics characterization of pneumatic bed using a spouted bed solid feeding system. Can J 
Chem Eng 1992;70:905-909. 
[6]Béttega R. Contribution to the study of fluid dynamics in spouted beds Using CFD. Thesis (PhD), Universidade Federal de 
São Carlos, 2009.(in portuguese) 
[7] Vieria Neto JL. Experimental study and simulation of the fluid dynamics in a spouted bed with Draft Tube. Thesis (MSc), 
Universidade Federal de Uberlândia, 2007. (in portuguese) 
[8] Uemaki O, Tsuji T. Coal gasification in a jet-spouted bed. Can J Chem Eng 1994;72:504–510. 
[9] Bilbao J, Olazar M, Romero A, Arandes JM. Design and operation of a jet spouted bed reactor with continuous catalyst feed 
in the benzyl alcohol polymerization. Ind Eng Chem Res 1987;26:1297–1304. 
[10] Leite ACB, Wodtke RMP, LisboaACL, Restini F. Pyrolysis of oil shale fines in a spouted bed reactor. XVI Latin American 
Congress of Chemistry,Rio de Janeiro, 1984. 
[11] Lisboa CL, Watkinson AP. Pyrolysis with partial combustion of oil shale fines in a spouted bed. Can J Chem Eng 
1992;70:983–990. 
[12] Aguado R, Olazar M, Bilbao J, Barona, A. Pyrolysis of Sawdust in a Conical Spouted Bed Reactor. Yields and Product 
Compo sition. Ind Eng Chem Res 2000;39:1925-1933. 
[13] Aguado R, Olazar M, Gaisa NB, Prieto R. Bilbao, J. Kinetics of polystyrene pyrolysis in a conical spouted bed reactor. 
Chem Eng J 2003;92:91-99. 
[14] Olazar M, San José MJ, Aguado R, Alvarez  S,  Bilbao J. Minimumspouting velocity  for  the  pyrolysis  of  scrap  types  
with  sand  in  conical  spouted  beds. Powder  Technology 2006;165:128-132. 
[15] Korkmaz A, Yanik J, Brebu M, VasileC. Pyrolysis of Tetra Pak. Waste management 2009;29:2836-2841. 
[16] Wu CH, Chang HS. Pyrolysis of tetra pack in municipal solid waste. J Chem Tech and Bio 2001;76:779-792. 
Pyrolysis of the rejects of a waste packaging separation and classification plant. Journal of Analytical and Applied Pyrolysis 
2009;85:384-391. 
[18] Bacelos MS, Freire JT. Stability of Spouting Regimes in Conical Spouted Beds with Inert Particle Mixtures.Ind Eng 
 Chem Res 2006;45:808-817. 
[19] Bacelos MS, Freire JT. Flow regimes in wet conical spouted beds using glass bead mixtures. Particuology 2008;6:72–80. 
[20] Gidaspow  D, Bezbaruah RE, Ding J. Hydrodynamics of Circulating Fluidized Beds: Kinetic Theory Approach. In: Potter 
OE, Nicklin DJ, editors. Fluidization VII:Proceedings. of the Seventh Engineering Foundation, Montreal:McGill University;1992,p. 
75-82. 
[21] Duarte CR, Murata VV, Barrozo MAS.  A study of the  fluid  dynamics  of  the spouted  bed using CFD. Brazilian J Chem 
Eng 2005;22:263-270. 
